Introduction
It has been widely accepted that provision of amplification is a crucial component of early intervention for children with permanent childhood hearing loss (PCHL). Best-practice clinical guidelines for pediatric HA fitting have recommended the use of a validated prescriptive procedure, the National Acoustic Laboratories (NAL, Byrne et al, 2001; or the Desired Sensation Level (DSL, Seewald et al, 1997; Scollie et al, 2005) prescription (American Academy of Audiology Task Force on Pediatric Amplification, 2013); and protocols have been published (Bagatto et al., 2010 , King, 2010 . The NAL prescription aims to maximise predicted speech intelligibility while limiting total loudness to be no greater than that perceived by a normal-hearing listener, and the DSL prescription aims to normalise loudness at different frequencies to achieve desired sensation levels. For a certain audiogram, the rationales underlying the respective prescriptions result in different prescribed gain targets for children (Ching et al., 2010b , Ching et al., 2013b . Despite this, there is some evidence to indicate that speech perception performance was similar between the fitting prescriptions , Ching et al., 2013a ). An increased understanding of how the prescriptions influence fitting outcomes and developmental outcomes of young children with PCHL is crucial for guiding rehabilitation. A major fitting outcome is how closely prescribed targets are met and how this relates to the amount of speech that is audible with amplification. How aided audibility relates to speech and language outcomes underpins effective rehabilitation. This article reports a comparison of fitting outcomes in a large clinical population of 5-year-old children who were fitted with HAs according to either the NAL or the DSL prescription. The influence of choice of prescription on the proximity of fitting to target and aided audibility will be examined, together with an investigation of the impact on speech and language outcomes of children. 
Hearing aid fitting outcomes
Data from two previous studies on HA fitting to DSL prescriptive targets in clinical populations of children have shown considerable variability. In a recent multi-site study that included 195 children with mild to severe hearing losses (aged 5 to 85 months), McCreery et al (2013) reported that the root-mean-square (rms) error across 4 frequencies (0.5, 1, 2, 4 kHz) for fit-to-targets was 6.6 dB on average, with about 55% of children using HAs in both ears that exceeded 5 dB rms error. It was found that study sites that included participants fit at multiple clinics had larger HA deviations from prescriptive target than the site where participants were fit at a single clinic. An earlier study on a small clinical sample of 20 children (aged 3 to 6 years) with moderate to profound hearing loss showed deviations that were greater than 5 dB across three or more frequencies in 75% of the HA fittings (Strauss & Van Dijk, 2008) . In both studies, the authors found an association between deviations from prescriptive target and verification procedure. On the other hand, a recent study that evaluated HA fitting to the NAL and DSL prescriptions in 218 children with mild to severe hearing loss at 3 years of age reported an overall mean of 3 dB rms error (Ching et al., 2013a) . However, the rms error between the fitting prescriptions has not been compared.
As the proximity to target does not reflect how much speech is audible with amplification, a common approach has been the adoption of the Speech Intelligibility Index (SII) model (American National Standards Institute, 1997) for quantifying audibility with amplification (Stelmachowicz et al., 1994 , Johnson & Dillon, 2011 , Ching et al., 2013b , McCreery et al., 2013 . The SII depicts the proportion of the long-term average speech spectrum that is above a listener's hearing thresholds or noise, whichever is higher. The amount of speech that is audible in each frequency band is weighted by the relative importance of the band to speech intelligibility. The sum of weighted audibility across all bands has a maximal value of 1, F o r P e e r R e v i e w O n l y Ching, Audibility 4 which indicates that all speech information is available; and a minimal value of 0, which denotes that no speech information is available. The SII can be related to speech scores by a transfer function. Using this method, the SII predicted speech recognition successfully in people with normal hearing and those with mild hearing loss, but has been shown to overestimate performance of people with more severe hearing loss (Pavlovic et al., 1986 , Studebaker et al., 1997 , Ching et al., 1998 . As hearing loss increased, the amount of speech information that could be extracted from an audible signal decreased. This is commonly referred to as hearing loss desensitization. For this reason, a modification of the ANSI standard for calculating SII to include a hearing loss desensitization has been proposed , Johnson & Dillon, 2011 , Ching et al., 2013b . The factor was empirically derived , and applied in the derivation of the NAL-NL2 prescriptive method . When the standard SII was applied to estimating speech scores in children, it has been shown that speech scores were over-estimated (Scollie, 2008 , Gustafson & Pittman, 2011 , McCreery & Stelmachowicz, 2011 . For a certain amount of audibility, children extracted less speech information than was accessible by adults.
In quantifying fitting outcomes in terms of SII, McCreery et al (2013) found that an increase in rms error of fitting was associated with a reduction in aided SII in a large sample of children. Those with the greatest degrees of hearing loss or largest deviations from prescriptive targets had the lowest audibility. In a subsequent study, McCreery et al (2015a) found that about 35% of the 288 children in the study had aided audibility that was below the average for the normative range for SII based on degree of hearing loss as described by Bagatto et al (2011) for 68 children fitted to DSL targets. In a randomised controlled trial of hearing aid prescription for 200 children, Ching et al (2013b) found that the aided SII was on average higher for children fit to DSL prescriptive target than those fit to NAL target at low (50 dB SPL) and medium (65 dB SPL) input levels, but were similar at high input level (80 dB SPL). However, when the SII calculations included hearing loss desensitization, there was no significant difference between the fitting prescriptions at medium input level, with the desensitized SII being higher for NAL than for DSL at high input level. As the study included children's HA fittings that were progressively being updated via routine clinical service to new versions of the respective prescriptions, an update of the comparison with current versions of the prescriptions is warranted.
Effect of aided audibility on performance outcomes
Speech cannot be understood if it cannot be heard. Therefore, higher audibility would be expected to be associated with better performance outcomes. However, findings on hearing loss desensitization suggest that the contribution of an audible signal to speech intelligibility is limited by factors relating to the resolution of the impaired auditory system. As such, an amplification scheme that provides higher gain than alternative schemes would invariably lead to greater loudness but may not result in better functional performance. This may explain the mixed findings reported in the literature regarding the relationship between SII and outcomes in speech and language skills in children. Whereas some studies have reported a significant relationship between SII and speech perception in children (Davidson & Skinner, 2006 , McCreery et al., 2015b , others have not found a consistent relationship between SII and speech performance , Stiles et al., 2012 . Davidson & Skinner (2006) found that speech perception scores of 26 children with moderate to severe hearing loss were correlated with aided SII and also with hearing thresholds. As hearing loss increased, aided SII decreased, and speech scores were reduced. In a similar 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 McCreery et al (2015b) found that higher aided audibility or SII, together with lesser hearing loss and higher receptive language ability were significant factors accounting for variance in speech perception scores in quiet. For a subset of 49 children who contributed longitudinal data, higher aided SII and higher vocabulary at 3 years contributed to higher speech perception scores at 5 years. As there were no significant differences in hearing thresholds, aided audibility or deviation of HA fitting from prescriptive targets across the measurement points at 3 and 5 years (McCreery et al., 2015a) , this finding is consistent with the concurrent relationship between aided audibility and speech perception in quiet or in noise (McCreery et al., 2015b) . Given that hearing threshold levels were used in the calculation of the SII, the two were necessarily highly correlated. The effect of including two highly correlated variables within the same regression model on analysis findings is unclear.
On the other hand, Stiles et al (2012) showed that after allowing for the effects of hearing loss, SII did not account for significant variations in speech perception scores in 14 children (aged 6-9 years). Scollie et al (2010) reported on equally high speech perception scores for 48 school-aged children (6 to 19 years) using HAs fit according to the NAL or the DSL prescription, despite differences in prescriptive targets and HA gains (Ching et al., 2010b) .
Calculations of audibility in terms of standard SII in a subsequent study showed higher SII for DSL than for NAL prescriptive targets and HA gains fit to the respective prescriptions (Ching et al., 2013b) . However, there were no significant differences between prescriptions when SII incorporated hearing loss desensitization, a finding that is consistent with the equivalent speech perception results observed in children using the two prescriptions in HAs.
In a recent study on 252 5-year-old children with PCHL, Ching et al (this issue) adopted a method proposed by Tomblin et al (2014) Investigations of the contribution of aided SII to language development in children also have mixed findings. Stiles et al (2012) found a significant association between aided SII and nonword repetition and receptive vocabulary, when controlling for the effect of hearing loss in 14 children with moderate to profound hearing loss who were using HAs fit to DSL targets. On the other hand, a recent multi-site study that evaluated children using HAs fit according to the DSL prescription showed that the association of audibility (corrected for unaided hearing, expressed in terms of rSII) with language development skills was inconsistent. Tomblin et al (2014) reported that rSII was significantly associated with speech production and language skills in children who had used HAs for more than 33 months at the time of evaluation (either 3 or 5 years of age), but not for those who had used HAs for a shorter duration. As duration of use was confounded with age at initial HA fitting, the authors concluded that audibility provided by HAs became more reliably associated with better outcomes among children who had used HAs longer or received HAs earlier. In a subsequent report, Tomblin et al (2015) found that the overall effect of rSII on language ability evaluated during a 2-to 6-year-old period was not significant (p=0.88). However, they found an association between rSII and language growth trajectories during the period. Relative to children of similar unaided hearing, those who received above-average audibility demonstrated language growth over time, whereas those with below-average audibility exhibited little growth or decline. As implied by the finding in a related article showing that the poorest audibility was associated with greatest rms error in fitting (McCreery et al., 2015a) Although validation studies of the NAL and the DSL prescription have attested to the positive influence of matching prescriptive targets in HA fitting according to well-established protocols, the variation in targets between prescriptions for a given hearing loss raises the question of how audibility provided by the respective prescriptions might influence developmental outcomes. We aimed to investigate this question by drawing on data from participants in a prospective study on outcomes of children with hearing impairment, the Longitudinal Outcomes of Children with Hearing Impairment (LOCHI) study (Ching et al., 2013c) . This study was approved by institutional review boards. Parents provided informed consent for their children's participation.
The current study
The research questions were: 1) Do HA fitting outcomes vary depending on which prescription was used for fitting? 2) Do developmental outcomes at 5 years of age vary according to the prescription used in fitting HAs?
To address the first question, we compared HA fitting outcomes of children whose HAs were fit according to either the NAL or the DSL prescription. As all children were fit by clinical audiologists of a single government-funded national hearing service provider, Australian Hearing (AH), we controlled for variability due to service provision. For each prescription group, we examined the deviation from targets and the rms error of fitting. We computed aided audibility in terms of standard SII as well as a modified version of SII that incorporated hearing loss desensitization. To address the second question, we drew on a randomised controlled trial of prescription in the LOCHI study to compare 5-year developmental outcomes of children who were randomly assigned to fitting with either the NAL or the DSL prescription after diagnosis of PCHL.
We hypothesized that measures of HA fitting outcomes in terms of deviation from targets and rms error would be greater for DSL than for NAL, based on current reports on DSL fitting in clinical settings (McCreery et al., 2013 (McCreery et al., , 2015a . In line with our previous studies, we hypothesized that audibility for DSL fitting would be higher than that for NAL fitting at average input level when standard SII was used in calculation, but would be similar when the SII included hearing loss desensitization. Further, we hypothesized that speech and language outcomes of children would not differ between fitting prescription groups.
Methods

Participants
Participants included 232 children who were diagnosed with bilateral hearing loss and first received HAs before 3 years of age. All were fitted with bilateral air-conduction behind-the ear multi-channel hearing aids with wide-dynamic-range compression. Table 1 provides a summary of their demographic characteristics.
In the cohort, families of 163 children consented to participating in a randomised controlled trial of HA prescription (Ching et al., 2010a) . These children were randomly assigned to fitting with either the NAL or the DSL prescription after diagnosis of PCHL. All remaining children who did not participate in the trial were fitted according to the NAL prescription after diagnosis. At initial fitting, the NAL prescription used was NAL-NL1 , and the DSL prescription used was DSL v.4 (Seewald et al., 1997) . As part of the routine clinical service, the children's HAs would be updated according to individual needs, with changes in HA fittings according to changes in hearing levels and/or new versions of the respective prescriptions (either NAL-NL2 or DSL v.5) , Scollie et al., 2005 . <Table 1 about here>
Hearing-aid fitting
HAs were fit by clinical audiologists across all AH hearing centres according to the national paediatric amplification protocol (King, 2010) . The fitting procedure involved the use of individually measured or age-appropriate real-ear-to-coupler differences (RECD) from children to derive custom prescriptive targets, and the measurement of hearing aids in an HA2-2cc coupler to verify that targets were matched to within 5 dB at 4 of the 5 octave frequencies between 0.25 and 4 kHz. A broadband speech-weighted stimulus was used to verify gainfrequency responses at low, mid, and high input levels; and a swept pure tone presented at 90 dB SPL was used as stimulus to verify maximum power output of hearing aids. Verification was achieved by comparing the measured 2cc coupler gains and output to custom targets.
Fit-to-target
To report on the proximity of fitting to prescriptive target, the absolute deviations (dB) of measured gains/outputs from prescriptive targets for individual ears at each frequency for each of low (50 dB SPL), medium (65 dB SPL) and high (80 dB SPL) input level were calculated.
For each input level, the averaged rms error was calculated by taking the square root of the mean of the squared differences between the HA gain and prescriptive target across four frequencies (0.5, 1, 2, and 4 kHz). 
Audibility calculation
For each of low, medium and high input level, two versions of SII, ANSI SII and Desensitized SII, were calculated. The ANSI SII followed the calculation method as specified by the American National Standards Institute (ANSI, S3.5, 1997). Briefly, the measured coupler gains of individual HAs were added to the individual's RECDs to give measured real-ear-aided gain (REAG). The input speech spectra was the international long-term average speech spectrum (ILTASS; Byrne et al, 1994) at an overall level of 65 dB SPL for medium input level, and the long-term average speech spectra at overall levels of 50 dB SPL and 80 dB SPL respectively for low and high input levels (Scollie et al., 2005) . The REAGs were added to the respective speech spectra to yield measured real-ear-aided responses (REAR). The available octave and inter-octave frequency hearing thresholds and REAR were interpolated to one-third-octave band levels. The audibility of speech at each band was the difference between the aided speech level and the hearing threshold level, converted to equivalent SPL in the ear canal using the free field to eardrum transfer function (Bentler & Pavlovic, 1989) . The audibility at each band was weighted by the average speech importance function (Pavlovic, 1994) , and summed across frequency bands from 160 to 8000 Hz to give an overall SII.
In addition, a modified version that included hearing loss desensitization, Desensitized SII, was calculated. This method included the same transforms and steps as specified in the ANSI S3. 5 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 production. Children's nonverbal cognitive ability were evaluated by a psychologist using the Wechsler Nonverbal Scale of Ability (WNV; Wechsler & Naglieri, 2006) . These tests have been widely used to assess abilities of children with PCHL. The PLS-4 incorporates interactive play, picture pointing, and verbal elicitation activities targeting children's knowledge of English semantics, morphology, and syntax. It gives an overall total language score, and two subscale scores -Auditory Comprehension (AC) and Expressive Communication (EC). The PPVT-4 is based on a four-alternative, forced-choice, picture-pointing format. It gives an overall score of receptive vocabulary. The DEAP phonology subtest requires a child to produce single-word utterances, elicited using pictures or verbal cues. It gives an overall total phoneme correct score, as well as a vowel score and a consonant score. For all measures, published normative data were used to derive standard scores.
In addition, research audiologists evaluated speech perception in noise. The tests were conducted in a sound-treated room. Speech reception thresholds (SRTs) for 50% correct perception of words (NU-CHIPS test, Elliott & Katz, 1980) or sentences (the Bamford-KowalBench (BKB) sentence test, were measured by presenting speech from a loudspeaker positioned at 0° azimuth, and babble from either the same loudspeaker (S0N0) or from two loudspeakers positioned at ±90° azimuth on both sides Parents were asked to rate their children's auditory functional performance using the PEACH scale (Ching & Hill, 2007) . The PEACH is a measure of children's functional auditory/communicative performance in real-world situations. Parents were asked to observe their child and provide information about usage of hearing device and listening comfort, and rate their child's auditory behaviour and communicative performance in a range of quiet and noisy situations in real-world environments. The scale gives an overall functional performance score, as well as subscale scores for performance in quiet and noisy situations. Parents also provided information on demographic characteristics by completing a custom questionnaire.
Audiological information and HA fitting information within 6 months of the evaluations were obtained from participants' clinical files held at the AH client database.
Data analyses
Descriptive statistics were used to summarize the demographic characteristics and aided SII values. Independent t-tests or Analyses of Variance (ANOVA, MANOVA) were used to determine the significance of difference between groups. Post-hoc analyses included Bonferroni corrections for multiple comparisons. All analyses used two-tailed tests, with statistical significance set at p <0.05. The statistical analysis was done using Statistica v.10 (Statsoft Inc, 2011) and SPSS for Windows v.16 (SPSS Inc., 2007) . At the 5-year evaluation interval, 152 children were using HAs fit according to the NAL prescription (106 NAL-NL1; 52 NAL-NL2); and 74 were using HAs fit according to the DSL prescription (4 DSLv.4; 70 DSLv.5). Table 2 shows the mean absolute deviation from targets at three input levels at different frequencies. To determine whether there were significant differences in deviation from targets across frequency, level and prescription, a MANOVA was completed with level (low, medium, high), ear (left, right), and frequency (0.5, 1, 2, and 4 kHz) as repeated measures, and prescription (NAL-NL1, NAL-NL2, DSLv.4, DSLv.5) as between-group factor. The main effects that were significant included input level (F(2, 454) = 7.28, p <0.001), and frequency (F(4,908) = 2.59, p = 0.035). The main effect of prescription was not significant (p = 0.46). There were significant interactions between input level and prescription. Post-hoc analyses indicated that deviations at high input level were significantly greater for NAL-NL1 than DSLv.5 (p <0.001), but not at low and medium input levels. There were significant interactions between frequency and prescription. Post-hoc tests showed that deviation at 4 kHz for fitting to NAL-NL1 were significant less than those fit to DSLv.5 at the same frequency (p <0.01). Post-hoc analyses of interactions among input level, frequency and prescription did not reveal further information. As we did not find significant differences between versions of the DSL prescription or between versions of the NAL prescription in terms of deviation from target, all subsequent analyses on effects of prescription combined the versions for each prescription. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 an rms error less than 5 dB was considered to be an optimal fit to prescription (Byrne & Cotton, 1988) , 12.9 % (n = 30) of the fittings exceeded the criterion for the left ear, and 10.3% (n = 24) had rms errors that exceeded the criterion in the right ear at medium input level. Overall, 16.4% (n = 38) of children had HA fit-to-target that exceeded the criterion in at least one ear at medium input level. <Figure 1 about here> To determine whether the rms error for fit-to-target for different input levels were significantly different between fitting prescriptions, a repeated measures ANOVA was carried out with input level (low, medium, high) and ear (left, right) as repeated measures, and prescription (NAL, DSL) as between-group factor. The main effect of prescription was not significant (p = 0.19), but the main effect of input level was significant (F(2,458) = 10.99, p <0.0001). There were significant interactions between input level and prescription. Posthoc analyses revealed that rms errors for fitting to NAL targets at low input level were greater than those for medium input level (p <0.01) and high input level (p = 0.045). There were no other significant main effects or interactions. level, and SII type were significant (p <0.001). There were significant interactions between input level and hearing level, and also between input level and prescription. Post-hoc analyses revealed that on average, the aided SII for the DSL prescription at low input level was significantly lower than those at medium and high input level, but the aided SII at medium input level was not significantly different from that at high input level. On the other hand, the aided SII for the NAL prescription at the three input levels were significantly different from each other. Between prescriptions, the aided SII for the DSL prescription was significantly higher than that for the NAL prescription at low and medium input level, but were not significantly different at high input level. There were also significant interactions among input level, SII type, and hearing level; and also among input level, SII type, and prescription. Post-hoc analyses revealed that for DSL prescription, the Desensitized SII were significantly lower than the ANSI SII at low, medium and high input levels. The same was found for the NAL prescription. Comparing the two prescriptions in terms of ANSI SII, there were significant differences between prescriptions at low and medium input levels, but not at high input level. The same was found when comparing the prescriptions in terms of Desensitized SII.
Results
HA fitting outcomes
Fit-to-target
Aided speech audibility
Randomised trial: Comparing fitting outcomes and developmental outcomes
This analysis asked whether there were differences in fitting outcomes and developmental outcomes in children who participated in a randomised trial of prescription. The sample comprised a subset of 163 children, who were randomly assigned to fitting with either the NAL or the DSL prescription after diagnosis of PCHL. Of these, 89 were fit according to the NAL prescription (43 NAL-NL1, 46 NAL-NL2), and 74 were fit according to the DSL prescription (70 DSLv.5, 4 DSLv.4) at the 5-year assessment interval. Table 4 shows the demographic characteristics of the sample. Figure 2 shows the deviation from target, separately for the two prescriptions. <Figure 2 about here> MANOVA using deviation from target as dependent variable, ear, input level and frequency as repeated measures, and prescription as between-group variable showed that the main effects of prescription (p = 0.036), input level (p <0.001), and frequency (p <0.001) were significant. There were significant interactions between input level and prescription (p<0.001), between frequency and prescription (p <0.01), and between input level and frequency (p <0.001). Also, the interactions among input level, frequency, and prescription were significant. Post-hoc analyses revealed that deviations were significantly greater for DSL than for NAL at 0.5 and 1 kHz for a low input level (p = 0.04); and greater at 0.25 and 4 kHz for a high input level (p <0.001). Figure 3 gives the rms error for fitting to prescriptive targets. MANOVA using rms error as dependent variable, with ear and input level as repeated measures, and prescription as a between-group variable revealed that the main effect of prescription was not significant.
There were significant interactions between input level and prescription (p = 0.002). Post-hoc analyses revealed that within the NAL group, rms errors for fitting to target at low input level was significantly different from that at medium input level, but not at high input level. The rms error for fitting at the medium input level was also significantly different from that at high input level (p = 0.009). No significant differences in rms error for fitting across input Figure 4 shows the mean aided SII in the better ear for the two prescription groups.
MANOVA using SII as dependent variable, with SII type (ANSI, Desensitized), input level (low, medium, high) as repeated measures, hearing level as a covariate, and prescription as between group variable revealed that the main effect of prescription was significant (p <0.001). The interaction between input level and prescription was significant (p<0.001). Posthoc tests showed that on average, aided SII was higher for the DSL group than for the NAL group at low and medium input levels, but not at high input level. Also, there were significant interactions among input level, SII type, and prescription. Post-hoc analyses showed that for ANSI SII, the aided SII was significantly higher for the DSL group than for the NAL group at low and medium input levels but not at high input level. For Desensitized SII, the aided SII was significantly higher for the DSL group than for the NAL group at low input level, but there were no significant differences between prescription groups at medium and high input levels. Table 5 shows the language, speech production, speech perception, and functional performance outcomes of children. As shown in the table, the difference between groups did not reach significance level for most measures, except for PEACH (p = 0.02). On average, children who were using HAs fit to DSL prescription had higher PEACH scores than those using the NAL prescription. 
<Figure 4 about here>
Developmental outcomes between groups
Discussion
The purpose of this study was to compare NAL and DSL fitting outcomes in hearing aids fit to a population sample of children in clinical settings. Compared to a previous report on the cohort at 3 years of age (Ching et al., 2013b) , many of the HA fittings have been updated to current versions. Of the children who were using HAs fit to DSL, about 62% were using DSLv.5 at 3 years of age, compared to 95% in the present report. Of the children who were using HAs fit to NAL, all were using NAL-NL1 at 3 years of age, but 33% of them were using NAL-NL2 in the present report.
Fit-to-targets
We found that there was no significant effect of prescription on deviation from prescriptive targets, both in terms of absolute deviations across frequencies, and rms error for fitting across the range from 0.5 to 4 kHz. This suggests that HA fitting and verification protocols with a criterion for matching targets within 5 dB can be consistently achieved in clinics for fitting HAs to both the NAL and the DSL prescriptions. The proximity of HA fittings to prescriptive targets was 3.3 dB (SD = 2.2) on average across three input levels (3 dB rms at medium input level only). This is consistent with our earlier report on the cohort at 3 years of age (Ching et al, 2013) , and well within the 5 dB criterion reported in previous studies (Ching et al., 2010a , Snik et al., 1995 . The rms error across fittings to DSL target in the present cohort was 3.2 dB (SD = 2.4) on average across three input levels, which is well below the 6.6 dB error reported in a previous multi-centre study on paediatric HA fitting to DSL targets (McCreery et al., 2013) . This discrepancy in clinical fitting outcomes may be related to the adoption of consistent HA fitting protocols by paediatric audiologists who served the present cohort under a single government-funded organisation, rather than the diversified practice across clinical sites in the multi-centre study. This is consistent with findings of McCreery et al (2013) that showed a significant difference in rms error across study sites, with the site that provided clinical fitting through a single clinic reporting less rms error in fitting to targets compared to other sites that provided fitting through multiple clinics.
Audibility
We found that aided audibility as calculated by the standard SII method was significantly higher for HA fittings to the DSL targets than those to the NAL targets at low and medium input levels, but there were no significant differences at high input levels. This is consistent with current knowledge about the variation in gain targets between the prescriptions. A comparison of the mean REAG prescribed by the NAL-NL2 and the DSLv.5 procedures for the same audiograms showed that at low input levels, DSL prescribed more gain than NAL for frequencies below 3 kHz, but slightly less gain than NAL at 4 kHz. For medium and high input levels, DSL prescribed more gain than NAL below 3 kHz, but similar gain at 4 kHz 21 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Ching et al., 2013b) . The finding that the ANSI SII were similar at high input levels possibly reflect the contribution of the level distortion factor in the standard SII calculation method.
This factor reduces the contribution of an audible signal to speech intelligibility when the overall sound pressure level exceeds 73 dB SPL (ANSI, 1997) . The level distortion factor has reduced the contribution of audibility (resulting from a DSL fitting relative to an NAL fitting) with increase in input level, such that the ANSI SII for the HAs fit with the respective prescriptions at high input levels were similar. Additionally, the Desensitized SII allowed for further reduction in contribution of an audible signal to speech intelligibility with increase in hearing loss. This has resulted in an overall reduction of values.
Comparison of fitting outcomes and developmental outcomes in a randomised trial
The other primary outcome of this study was to compare fitting and developmental outcomes of children in a randomised trial of prescription. Although there were no significant differences in rms error between prescription groups, aided audibility was on average higher for the DSL group than for the NAL group, at low and medium input levels. When desensitization was considered, the DSL prescription provided greater audibility than NAL at low input level, but there were no significant differences at medium or high input levels.
Developmental outcomes in terms of receptive and expressive language, speech production, speech perception in noise, and functional performance in real-world environments were not significantly different between the two groups at 5 years of age. This finding is consistent with previous findings from the cohort at 3 years of age (Ching et al., 2013a) , and extended the earlier study by adding direct assessments of speech perception in either collocated babble or spatially separated babble. These tests aimed to approximate listening in real-world 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w O n l y environments, and the two test conditions allowed an estimate of how well children can make use of the spatial separation between speech and noise for improving speech perception in noise (see companion article, Ching et al., this issue) . As shown in Table 5 , there were no significant differences in SRTs for listening to speech in babble, or in their abilities to make use of spatial separation between speech and babble for understanding speech as depicted by the measure of SRM.
An explanation of the equivalent speech and language performance despite difference in aided audibility as calculated by the standard ANSI SII between prescriptions may be attributed to the usefulness of the additional audibility to speech intelligibility provided by the DSL compared to the NAL prescription. Adoption of the Desensitized SII allowed for this to some extent, as desensitized SIIs for medium and high input levels were similar between prescriptions. From ANSI SII to Desensitized SII, the mean difference between prescriptions was reduced from 0.14 to 0.12 units at low input level, and from 0.09 to 0.04 units at medium input level. Future investigations into whether the hearing loss desensitization factor that was incorporated in the calculation of Desensitized SII may need to be modified for children would be necessary to guide clinical management. Any increase in audible signal necessarily results in increased loudness, and the increase can be substantial when hearing loss becomes severe (Ching et al., 2013b) . Therefore, an accurate quantification of the role of audibility for speech intelligibility in young children would form the basis for optimising amplification that maximises speech intelligibility while keeping the overall loudness to be within the range of listening comfort. The proximity to targets reported in this study may have underestimated the deviations from prescriptive targets of HA fittings among children with hearing loss in the population. As the frequency of routine clinical service likely reduces as children increase in age, longer-term follow up of the children would reveal whether HA deviation from targets may change over time.
Limitations and future research
The present study reported data from a randomised trial of prescription to investigate its effect on aided audibility on speech and language outcomes of children at 5 years. As children start formal schooling, they spend a large proportion of their time learning in realworld environments that are acoustically complex. Longitudinal follow-up of children in the randomised trial during school years would shed light on the long-term effect of prescription on developmental outcomes.
Conclusion
This study compared HA fitting outcomes in 232 children using HAs fit according to either the NAL or the DSL prescription. We found that the overall rms error for fitting to targets was within 3.3 dB, regardless of the fitting prescription. In a randomised trial of prescription by 163 children, we compared the HA fitting outcomes and developmental outcomes. The trial revealed significant difference in aided audibility between prescriptions at low but not at medium and high input levels when hearing loss desensitization was considered. The speech production, speech perception, receptive and expressive language, and functional performance outcomes at 5 years of age were similar between prescription groups. Mean ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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